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^ 0 DUPLICATE 

1 1 

TYROSINE KINASE INHIBITORS 

The present invention relates to novel proteins that inhibit the activity of tyrosine kinases. 
The invention also relates to the use of tyrosine kinase inhibitor proteins in the treatment 
and diagnosis of diseases, in particular cancers, in humans. 
5 All documents mentioned in the text and listed at the end of the description are 
incorporated herein by reference. 

Protein tyrosine kinases are enzymes that transfer the terminal phosphate of adenosine 
triphosphate (ATP) to a specific tyrosine residue on a target protein. These enzymes are 
found in all multicellular organisms and play a central role in the regulation of cellular 
10 growth and in the differentiation of complex eukaryotes. 

There are two major classes of tyrosine kinases: transmembrane receptor tyrosine kinases 
and non-receptor tyrosine kinases. Regulation of all protein tyrosine kinases is essential for 
normal cellular differentiation and proliferation. While controlled activation of.tyrosine 
kinases promotes normal proliferation, deregulated tyrosine kinases can cause neoplastic 
15 transformation. Examples from both classes of kinases have been shown to function as 
dominant oncogenes, generally as a result of overexpression and/or structural alteration. 
Transmembrane receptor tyrosine kinases are activated directly by binding of peptide 
growth factors and cytokines to their extracellular domains. Tyrosine kinases which fall 
within this class include receptors for platelet-derived growth factor, fibroblast growth 
20 factors, hepatocyte growth factor, insulin, insulin-like growth factor-1, nerve growth 
factor, vascular endothelial growth factor and macrophage colony stimulating factor. The 
normal function of these receptors is to act as transducers of extracellular signals. 
Some non-receptor tyrosine kinases are associated with cell surface receptors which do not 
have intrinsic tyrosine kinase activity. For example, members of the Src family of non- 
25 receptor protein tyrosine kinases in mammals (such as src, yes, fgr, fyn, Ick, lyn, tick and 
blk) are mostly located on the cytoplasmic side of the plasma membrane, held there partly 
by their interaction with transmembrane receptors and partly by covalently-attached lipid 
chains. These proteins are also involved in signal transduction pathways. However, not all 
non-receptor protein tyrosine kinases are associated with transmembrane receptors. Some 
30 are found in the cytoplasm or even in the nucleus of cells. The role of these proteins is in 
many cases unknown. 



The c-Abl protein tyrosine kinase is another example of a non-receptor tyrosine kinase. It 
was originally isolated as a cellular homologue of the v-abl oncogene of a transforming 
retrovirus, the Abelson murine leukaemia virus. The c-Abl protein is now known to be 
ubiquitously expressed and highly conserved in metazoan evolution. The N-terminal 

5 domain of the c-Abl protein, and the product of its paralog gene, Arg (ABL2), resemble Src 
family kinases and consist of an SH3 domain, an SH2 domain and a.catalytic domain 
(reviewed in Superti-Furga and Courtneidge, 1995; Van Etten, 1999). However, in contrast 
to Src family kinases, c-Abl and Arg lack a short C-terminal regulatory tail and instead 
have a large C-terminal portion, encoded by a single exon and thus called the "last exon 

10 region". 

Although c-Abl was first identified 20 years ago, its physiological role is still unclear. It 
has been implicated in a wide range of cellular processes including cell differentiation, cell 
division, cell adhesion, cell death and stress response (Van Etten, 1999; Wang, 2000). It is 
found in both the nucleus and cytoplasm of cells and is thought to shuttle between the two 
15 subcellular departments (Taagepera et al., 1998). When expressed transiently in tissue 
culture cells, the ability of c-Abl to become phosphorylated on tyrosine and phosphorylate 
cellular substrates is considerably weaker than that of the natural oncogenic form BCR-Abl 
or of c-Abl's viral counterpart, v-Abl, suggesting that its kinase activity is tightly 
regulated. 

20 In humans, chronic myelogenous leukemia (CML) and a subset of acute lymphocytic 
leukemia (ALL) are causally linked to the presence of the Philadelphia chromosome, 
which is the result of a translocation between chromosome 22 and chromosome 9. In this 
translocation, sequences of the first exon of the c-Abl tyrosine kinase gene (ABU) are 
replaced by sequences from the BCR gene. Depending on the breakpoint in the BCR gene, 
25 the resulting fusion protein, BCR-Abl, can have molecular masses of 210, 190 (the two 
major forms) or 230 kDa. The consequences of BCR-Abl on signal transduction pathways 
and the cellular effects have been studied extensively (Raitano et al., 1997). Dependent on 
the cell type, BCR-Abl expression results in enhanced proliferation, morphological 
transformation, or abrogation of growth factor or adhesion dependence. In general, the 
30 effects are growth stimulatory and anti-apoptotic. When forced into the nuclei of cells, 
however, BCR-Abl induces apoptosis (Vigneri and Wang, 2001). 



The common feature critical for all the biological effects of BCR-Abl is its constitutively 
high level of tyrosine kinase activity derived from the catalytic domain in its ABU moiety. 
A small molecular inhibitor of BCR-Abl catalytic activity, STI571, has been described 
which binds to the ATP-binding pocket of the catalytic domain, but also interacts with less 
5 conserved regulatory structural elements, affecting their function (Schindler et al., 2000). 
STI571 appears to target an Abl-specific inactive conformation of the catalytic domain, 
explaining its high selectivity for Abl over other tyrosine kinases. Although STI571 
initially appeared to be a promising therapeutic agent in clinical trials (Druker et al., 1996; 
- Thiesing et al., 2000), it has recently been found that patients treated with STI517 relapse 
10 because of a secondary mutation in the ATP binding pocket (Gorre et al, 2001). 

There is therefore a need for improved drugs capable of inhibiting BCR-Abl. Part of the 
difficulty in developing improved drugs to target oncogenic forms of Abl is due to the fact 
that despite years of investigation, the molecular mechanism responsible for regulation of 
the c-Abl tyrosine kinase has remained elusive. In particular, the mechanism responsible 
15 for natural inhibition of the cellular form of the enzyme is unknown. 

Mutations have been identified in c-Abl, typically in the SH3 domain, that unleash the 
catalytic activity and often the oncogenic potential of the Abl protein. It is thought that 
these "deregulated" forms escape a critical mechanism that is responsible for the tight 
regulation of the wild-type protein (Pendergast et al., 1991; Mayer and Baltimore, 1994; 
20 reviewed in Van Etten, 1999). Many researchers have suggested that these mutations 
enable c-Abl to escape regulation by a cellular inhibitor and several lines of evidence have 
contributed to this hypothesis. First, c-Abl and deregulated forms display equal levels of 
activity after precipitation or partial purification (Pendergast et al., 1991; Mayer and 
Baltimore, 1994; Dorey et al., 1999). Moreover, very high levels of expression in cells 
25 seem to exhaust regulation, as if through titration of a cellular inhibitor (Pendergast et al., 
1991). Expression in a heterologous system, such as in the yeast Schizosaccharomyces 
pombe, showed no difference in activity between c-Abl and deregulated forms, suggesting 
the absence of a vertebrate c-Abl inhibitor in fungi (Walkenhorst et al., 1996) and thus 
supporting this hypothesis. Other elements, such as the identification of a considerable 
30 number of proteins binding to the SH3 domain of Abl, have all contributed to the wide 
acceptance of a cellular inhibitor theory of c-Abl regulation (reviewed in Van Etten, 1999; 
Brasher and Van Etten, 2000). 



There have been some suggestions that Abl might be regulated by intramolecular 
interactions. The crystal structure of regulated c-Src (reviewed in Sicheri and Kuriyan, 
1997) prompted a mutational analysis that supported the possibility of c-Abl being 
regulated by intramolecular interactions. It. was suggested that these intramolecular 
5 interactions would be similar to those identified in Src tyrosine kinases and would involve 
binding of the SH3 domain to the linker between the SH2 and catalytic domains, and the 
catalytic domain itself (Barild and Superti-Furga, 1998). However, researchers could not 
reconcile this theory that- c-Abl could be autoinhibited with data showing that c-Abl and 
deregulated forms of c-Abl had similar activity m vitro. The presence of a cellular inhibitor 
10 in the process of c-Abl regulation could not therefore be excluded^ and remains the 
dominant view. Moreover, the comparison to the regulation of Src family members lacked 
explanations for the absence of a regulatory C-terminal tail in c-Abl (Barihl and Superti- 
Furga, 1998; Brasher and Van Etten, 2000; Van Etten, 1999). 
. In summary, despite having been the subject of extensive research for more than 20 years, 
15 the molecular mechanism by which c-Abl is regulated and its role in the cell remain 
unknown. Protein tyrosine kinases such as Abl play an essential role in the regulation of 
normal cellular proliferation and differentiation in multicellular organisms, as evidenced 
by the common incidence of mutations in genes encoding tyrosine kinase proteins in 
certain cancers. Given the importance of tyrosine kinase proteins in mammalian diseases 
20 and particularly in cancer, there is an urgent need for a better understanding of the way in 
which medically important proteins, such as c-Abl, and the genes encoding them are 
regulated. An understanding of the way in which tyrosine kinase proteins are regulated will 
lead to an understanding of how they become deregulated in disease, enabling effective 
inhibitors of deregulated forms of protein tyrosine kinases to be developed for the 
25 treatment of disease, in particular cancer. 
Summary of the invention 

The inventors have established that the tyrosine kinase activity of c-Abl is regulated via 
autoinhibition. Contrary to the teaching in the prior art, regulation of the tyrosine kinase 
activity of c-Abl does not require an SH3 domain-dependent cellular inhibitor. A region of 
30 c-Abl found at the N-terminus of the protein, herein described as a "cap region", binds 
intramolecularly to c-Abl and is required to achieve and maintain inhibition of tyrosine 
kinase activity. This cap region has been found to be absent in all oncogenic forms of Abl 



5 

and in particular in BCR-Abl resulting in deregulation and increased tyrosine kinase 
activity. However, i, has been found that the cap region can reduce tire tyrosine Kinase 
activity of BCR-Abl forms and restore regulation, probably by binding direetly to tire Abl 
moiety of the oncogenic form. 
5 Accordingly, the invention provides a tyrosine kinase inhibitor protein consisting of tire 
cap region of a c-Abl protein, or a functional equivalent thereof. The tyrosine krnase 
inhibitor proteins of tire invention are .usefu! candidate agents for the development of drugs 
to treat disease caused by deregulated tyrosine kinase activity, as well as valuable tools for 

10 The cap region has been shown to contain two conserved domains either or both of which 
appear to be required for it to achieve and maintain inhibition of tire tyrosine krnase 
activity of the c-Ab! protein. The first region, referred to herein as tire "cap 1 domain", rs at 
ieast four amino acids long and appears to be critical for binding the catalytic domain. The 
. second region, herein referred to as the "cap 6 domain", is also at bast four ammo acids 
15 long and appears to internet with the SH2 and/or SH3 domains. 

By a "cap region" of a c-Abl protein is meant a protein sequence of between 20 and 250 
amino acids derived from tire N-terminal region of a c-Abl protein comprising a cap 1 
domain and/or a cap 6 domain or a functional equivalent thereof . 

Where both tire cap 1 domain and tire cap 6 domain are present, they should be 
20 appropriately spaced so as to enable tire cap 1 domain to bind the catalytic domain o the 
target tyrosine kinase and tire cap 6 domain to bind the SH2 and/or SH3 domams of the 
targe, tyrosine kinase. The number of amino acids separating the cap 1 domain and tire cap 
6 domain may vary provided that fire cap 1 and cap 6 domains are spaeed appropnately to 
enable them to bind to the target tyrosine kinase. For example, the cap 1 and cap .6 ammo 
25 acids may be separated on!y by a sufficient number of amino acids neeessary to stretch 
between the catalytic domain and the SH2 and/or SH3 domains. Alternatively, tire cap 1 
and cap 6 domains may be separated by a larger number of amino acids wrth the 
intervening amino acids "looping on," between tire binding site of tire cap 1 domam and 
the binding site of the cap 6 domain. 
30 Preferably, the cap 1 domain comprises tire sequence KXXO, where X is L or V. 
Preferably, the cap 6 domain comprises the sequence KENL. 



Preferably, the cap region comprises additional conserved regions outside the cap 1 and 
cap 6 domains. Preferably, the cap region comprises a conserved stretch of amino acids 
upstream of the cap 6 domain. Preferably, this conserved stretch of amino acids is 
approximately 9 amino acids long and together with the cap 6 domain forms an alpha 
5 helix. Preferably, said conserved stretch of amino acids upstream of the cap 6 domain 
comprises the amino acid sequence LXEAZRWNS, where X is S or N and Z is A or R. 
Preferably, the cap region consists of the N-terminal region of a c-Abl protein and is 
encoded by the first exon and the first part of the second exon of this gene. More precisely, 
the cap region preferably consists of the N-terminal region of a c-Abl protein encoded by 
10 the first exon and the first 60 to 70 amino acids of the second exon. The cap 1 domain is 
generally located in the first exon and the cap 6 domain is generally located in the second 
exon of the Abl gene. 

In an even more preferred embodiment, the cap region may be derived from the N-terminal 
region of any c-Abl protein from any species including, but not limited to, vertebrates and 
15 invertebrates. Preferably, the cap region is derived from a mammalian c-Abl protein, 
preferably a human c-Abl protein or a murine c-Abl protein. The c-Abl protein exists in 
humans and in mice in two isoforms produced by splicing one of two alternative first 
exons, type la and lb, to a common second exon. The two isoforms of c-Abl are referred 
to herein as Abl la and Abl lb in humans and Abl I and Abl W in mice. 
20 Where the cap region is derived from a human c-Abl protein, it may be derived from either 
human c-Abl la or human c-Abl lb. Where the cap region is derived from human c-Abl 
la, it preferably consists of amino acid residues 1-61 of the sequence of c-Abl la given in 
Figure 8 or is a functional equivalent thereof. Where the cap region is derived from human 
c-Abl lb, the cap region preferably consists of amino acid residues 1-80 of the sequence of 
25 c-Abl 1 a given in Figure 8 or is a functional equivalent thereof. 

Where the cap region is derived from a murine c-Abl protein, it may be derived from either 
murine c-Abl I or murine c-Abl TV. Where the cap region is derived from murine c-Abl I, 
it preferably consists of amino acids 1-63 of the sequence of c-Abl I as exemplified in 
Figure 8 or is a functional equivalent thereof. Where the cap region is derived from murine 
30 c-Abl IV, it preferably consists of amino acids 1-80 of c-Abl IV as exemplified in Figure 8 
or is a functional equivalent thereof. 



Tne precise boundaries for the cap region given above are, of course, approximate, in that 
proteins that have been truncated within or extended beyond these boundaries may still be 
effective as tyrosine kinase inhibitor proteins, providing that the cap 1 and cap 6 domains 
have not been deleted. Furthermore, as and when new c-Abl proteins are identified and 
5 characterised, the cap regions from these proteins may be used as tyrosine kinase inhibitor 
proteins according to the invention. 

The cap region of c-Abl has been shown to auto-inhibit c-Abl during normal regulation 
without any requirement for a cellular inhibitor and to restore regulation of tyrosine kinase 
* activity to oncogenic forms of Abl lacking the cap region. Although the Applicant does not^ 
10 wish to be bound by this theory, it is believed that the cap region may also inhibit the 
tyrosine kinase activity of proteins other than c-Abl. The tyrosine kinase inhibitor proteins 
of the invention may therefore inhibit any tyrosine kinase protein containing SH2 and SH3 
domains. Preferably, the tyrosine kinase inhibitor proteins and functional equivalents of the 
invention inhibit Abl proteins, preferably oncogenic forms of Abl, including, for example, 
15 BCR-Abl. Other tyrosine kinase proteins which may be inhibited by the tyrosine kinase 
inhibitor proteins and functional equivalents of the invention include members of the src 
family, such as src, fyn, yes, lyn, Ick, blk, hck, fgr and yrk. Other examples of tyrosine 
kinase proteins which may be inhibited by the tyrosine kinase inhibitor proteins and 
functional equivalents of the invention include, frk, brk, srm, sad, btk, itk, tec, mkk2, txk, 
20 csk, ctk, za P 70, syk, fes/fps and fer. Preferably, the oncogenic forms of these proteins are 
inhibited by the tyrosine kinase inhibitor proteins of the invention or functional equivalents 
thereof. Examples of oncogenic forms of tyrosine kinase proteins which may be inhibited 
by the tyrosine kinase inhibitor proteins and functional equivalents of the invention include 
v-Src and v-Fyn. 

25 Functional equivalents of the tyrosine kinase inhibitor proteins described above are also 
included within the scope of the invention. The term "functional equivalent" is used herein 
to describe variants, derivatives and homologies of the tyrosine kinase inhibitor proteins of 
the invention that retain the ability to inhibit tyrosine kinase proteins. 
Functional equivalents of the tyrosine kinase inihibitor proteins of the invention thus 
30 include natural biological variants (e.g. allelic variants or geographical variants within the 
species from which the tyrosine kinase inhibitor proteins are derived). Functionally- 
equivalent variants of the tyrosine kinase inhibitor proteins of the invention also include, for 



example, mutants eontaining amino acid substitutions, insertions or deletions tan the wdd 
type protein sequences presented herein. Sueh mutants may inelude polypeptides in wmeh 
one or mom of the amino add residues are substituted with a conserved or non-eonserved 
amino aeid residue (preferably a conserved amino acid residue) and such substituted annuo 

5 acid residue may or may not be one encoded by the genetic code. Typical sueh substitutions 
are among Ala, Val, Leu and lie; among Ser and Thr, among the acidic residues Asp and 
Gin; among Asn and Gin; among the basic residues Lys and Arg; or among the aromatic 
residues Phe and Tyr. Particularly preferred are variants in which, several, Le. between 5 
and 10, 1 and 5, 1 and 3, 1 and 2 or just 1 amino acids are substituted, deleted or added in 

10 any combination. Especially preferred are silent substitutions, additions and deletions, 
which do not alter the properties and activities of the protein. Also especially preferred m 
this regard are conservative substitutions. 

Functionally-equivalent variants with improved function from that of the wild type 
sequences may also be designed through the systematic or directed mutation of specific 
15 residues in the protein sequence. Improvements in function that may be desired will include 
improvements such as a greater ability to inhibit tyrosine kinase activity. 
The term "functional equivalent" also refers to molecules that are structurally similar to the 
tyrosine kinase inhibitor proteins of the invention or that contain similar or identical 
tertiary structure. Such functional equivalents may be derived from the natural tyrosine 
20 kinase inhibitor proteins or they may be prepared synthetically or using techniques of 
genetic engineering. In particular, synthetic molecules that are designed to mimic the 
tertiary structure or active site of the naturally-occurring tyrosine kinase inhibitor proteins 
of the invention are considered to be functional equivalents. In particular, synthetic 
molecules which are designed to mimic the tertiary structure of the cap 1 domain and the 
25 cap 6 domain in naturally-occurring cap regions are considered to be functional 
equivalents. Where it is desired that both the cap 1 domain and the cap 6 domain be 
present, the skilled person will readily be able to design molecular mimetics of cap regions 
from natural c-Abl proteins which contain the cap 1 and cap 6 domains in the correct 
spatial conformation to bind and inhibit a target tyrosine kinase. 
30 The term "functional equivalent" also includes derivatives of the tyrosine kinase inhibitor 
proteins of the invention. By the term "derivative" is meant tyrosine kinase inhibitor 
proteins that have been modified, for example, by the covalent attachment of non-protein 



groups, in parties, the term "derivative" includes tyrosine kinase inhibitor protems of 
1 invention which have undergone post-translation modification. Pos^anslation 
rnodification of c-Abl appears to piay a roie in controUing its activity (Jackson & 
Baltimore, 1989). It is therefore postulated drat the function of the tyrosine kmase mhrbrtor 
5 proteins of the invention may be affected by post-translation modification and in particular, 
L covalent attachment of a fatty acly group or a prenyl group. Preferably, the post- 
translation modification involves covalen, attachment of a fatty acyl group or a prenyl 
group to the tyrosine kinase inhibitor protein. Preferably, derivatives of the tyrosrne kmase 
Lbitor proteins of me invention include myristoy.ated and palmitoylated derivatives. 
10 The term "functional ermivalenr also refers to homologues of the tyrosine kinase irmibitor 
proteins of me invention. By "homologue" is mean, a protein exhibiting a high degree o 

Ore invention. By "similarity" is meant mat, a, any particular posmon . .to M 
sequences, the amino acid residue is ofasimilar type between the.sequences. By rdentrty 
15 is meant that at any particular position in the aligned sequences, the amino acid resrdue rs 
identical between the sequences. 

Preferably, homologues possess greater man 40% identity with the uamrallyjcurring 
tyrosiue kinase inhibitor protein sequences. More preferably, homologues accordmg to th e 
invention show greater man 50%, 60%, 70%, 80%, 90%, 95%, 97%, 98% or 99% 
20 sequence identity with the sequence of the natural protein. Percentage identity, as referred 
Therein, is as determined using BLAST version 2.1.3 using the default parameters 
specified by the NCBI . (me National Center for Biotechnology Informal; 
hUwww.nebi.nhrr.nih.gov/) rB,osum 62 matrix; gap open penalty=U an. 
penalty=l]. Tools such as PROSITE (http://expasy.hcuge.ch/sprouprosrte.html), PRINTS 
2 5 h ttp://iupab.leeds.ae.u^mb5dp/prin..html). Profiles (http.Mhec^unU.ch/sofiW 
PFSCAN fonmhtml), Pfam (http://www.sanger.ac.uk/software/pfam). Identify 
(htt^/dnlstanford-etiu/identify/) and Blocks (http://www.blooka.fhcrc.org) databases may 
Lbeused to identify homologues, as wellashidden Markov models (HMMs; preferably 
profile HMMs). Such homologues may include proteins in which one or more of the ammo 
acid residues are substituted with another amino acid residue provided mat the function of 
the protein is retained as a lysine kinase inhibitor. Any such substituted ammo acrd 
residue may or may not be a naturally occurring amino acid. 



30 



10 

I„ particular, functional equivalents of the tyrosine kinase inhibitor proteins of the 
invention include cnp regions derived from tine human paralog of c-Abl, Arg. Preferably, 
the cap regions derived from Arg consist of the amino acid sequences for the cap regrons 
of Arg la and Arg lb given in Figure 8. 
5 The term "functional equivalents" also includes active fragments of the namraUy-occurring 
tyrosine kinase inhibitor proteins, variants, derivatives and homologues described above. 
By "active fragment" is meant any fragment of the tyrosine kina* inhibitor protems, 
variants, derivatives or homologues that retain tire ability; to act as tyrosine .kmase 
Abhors. Such fragments may include bom a cap 1 domain and a cap 6 domain or may 
10 include only a cap 1 domain or only a cap 6 domain. 

According to a further aspect of the invention, there is provided a fusion protein 
comprising a tyrosine kinase inhibitor protein of the invention or functional eqmvalent 
thereof, as described in any one of the embodiments recited above. The tyrosine kmase 
inhibitor protein or functional equivalent may be geneticaUy or chemically fused to one or 
15 more peptides or polypeptides. Preferab.y, the tyrosine kinase inhibitor protem or 
fnnctional equivalent is fused to a marker domain. Preferably, the marker domam .s a 
fluorescent tag, an epitope tag that aUows purification by affinity binding, an enzyme tag 
that allows histcchemical or fluorescent labelling, or a radiochemical tag. In one 
embodiment, the fluorescent tag is a green fluorescent protein (GPP) or a fluorescent 
20 derivative thereof such as YFP or CFP (see Prasher et al, (1995), Trends in Geneucs, 
11(8), 320). 

Such fusion proteins will be useful in a variety of methods for establishing tire role of the 
tyrosine kinase inhibitor proteins of the invention. For example, they can be used to 
facilitate the detection of the tyrosine kinase inhibitor proteins of the invenuon. 
25 Methods for tire generation of fusion proteins are standard in tire art and will be known to 
tire skilled reader. For example, most general moleeu.ar biology, microbrology 
recombinant DNA technology and immunological techniques can be found in Sambrook e, 
al, (Molecular Cloning, A Laboratory Manual, Cold Harbor-Laboratory Press, Cold 
Spring Harbor, N.Y., 2000) or Ausubel e, al, (Current Protocols in Molecular Brology, 
30 Wiley Interscience, New York, 1 99 1). 

Generally, fusion proteins may be most conveniently generated recombinant!, from 
nucleic acid molecules in which two nucleic acid sequences are fused together » frame. 



These fusion proteins win be encoded by nueleie add modules that eontain the relevant 
coding sequence of the fusion protein in question. 

The tyrosine kinase inhibitor proteins, functional equivalents and fusion proteins of the 
invenl may be prepared in recombinant form by expression in a host cell. Sutiab 
5 expression methods are well known to those of skill in tire ar, and many are 

detail by Sambrook J. e, at Molecnlar cloning: a laboratory manual New York. Cold 

London, Boston, New -York, Sydney, Tokyo; Toronto, 19 98.) The pmtems and fcncuomd 
,0 equivalents of the present invention can also be prepared using convennonal techmqnes 
protein chemistry, for example by chemical synthesis. 

According to a further embodiment, the invention provides antibodies , that bind ma 
. tyrosine kinase inhibitor protein or functional equivalent, as descnbed abov* The 
Lntion further provides antibodies that bind to a complex of a tyrosine krnase mhrbrtor 

be made by standard protocols using Ore tyrosine kinase inhibitor protein or funcfionaa 
equivalent as an immnnogen (see, for example, Antibodies: A Laboratory Manual edj By 
Hariow and Lane, Cold Spring Harbor Press, 1988). As used herein, the term antrbody 
includes fragments of antibodies that also bind specifically to a tyrosine tanase mhrbrtor 

of tire invention and for functional equivalents thereof. Antibodies mat burd to tyrosme 
kinase inhibitor proteins are usefui in a variety of methods for elucidating tire 
tyrosine kinase proteins and in particular deregulated tyrosine kinase proUrns. For 
25 example, they can be used ,0 demonstrate tire presence of a tyrosine krnase -« 

attach a .abe, group to tire antibody in order to facilitate detection. Preferably. *e 
an enzyme, a radiolabel or a fluorescent tag. These antibod.es may also have med.^ 
30 applications. In particular, an antibody that binds to a complex of a tyrosme , km. 
inhibitor protein bound to a deregmated tyrosine kinase may ac, to keep tire compfcx 
associated, ensuring that the normal tyrosine kinase activity of the protem rs restored, 
reducing its oncogenic capabilities. 
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The invention aiso provides a nucleic acid molecule encoding a tyrosine kinase inhrbrtor 
protein, functional eouivaient thereof, or fusion protein as described above. Specific 
examples of nucleic acid modules encoding tyrosine kinase inhibitor proteins accordmg 
to the invention include those nucieic acid sequences presented in Figure 9 heren, 
5 However, included in this aspect of the invention are nucleic acid moiecutes that are at 
.east 30% 40%, 50%, 60% or 70% identical, more preferably, at least 80%, 90%, 95%, 
98% or 99% identical over their entire length to a nucleic acid molecule encodmg a 
tyrosine kinase inhibitor protein according to any one of the embodiments of me invention 
- described above. Such nucleic acid molecules include single- or double-stranded DN A, 
10 CDNA and RNA, as well as synthetic nucieic acid speeies. Preferably, the nuc.etc actd 
molecules are DNA or cDNA moiecu.es. According to one embodiment, me invention 
provides a nucleic acid moleoule including a nucleic acid sequence presented in Rgure 9. 

The nucleic acid sequences wU, have medical applications. For examp.e, a nuc.eic acid 
sequence encoding a tyrosine kinase protein of the invention may be supplied to a patient 

it has been shown mat regulation of a deregulated tyrosine kinase protein lackmg the cap 
region, BCR-Abl, can be restoted by Integrating a nucleic acid sequence encoding the cap 
region protein into the gene encoding the tyrosine kinase protein. These results 
demonstrate that nucleic acid mo.ecu.es encoding me tyrosine kinase inhibitor protems of 
20 the invention have potential applications in gene therapy. 

The invention also includes Coning and expression vectors incorporating the nucleic acid 
moiecu.es. Such expression vectors may additional incorporate regulatory sequences 
such as enhancers, promoters, ribosome binding sites and termination signals in the 5 and 
3- untranslated regions of genes, mat are quired to ensure that the coding sequence ,s 
25 properly transcribed and translated, or to reguiate me expression of me protein relative to 
the growth of the cell in which it is expressed. Also, control sequences may be mcmded 
that encode signal peptides or leader sequence, These leader or con.ro. sequences may be 
removed by the host during post-translauona. processing. In some cases, the vectors may 
incorporate signal sequences which direct the expressed proteins to specific subcellular 
30 locations. For examp.e, it may be desirable to assess the effect of a tyrosme kmase 
inhibitor protein in the nucleus, in which case a nuclear localisation sigual may be meluded 



in the vector. 



Vectors according to the invention include plasnrids and viruses (includmg both 
bacteriophage and euUaryotic viruses), as weii as other linear or circular DNA earners, 
such as those employing transposahle elements or homologous reeombmanon techno!^ 
Many such vectors and expression systems are known and documented in the art (see, or 
5 example,Femandez,M. & Hoef fl er J P.mGeneexpressionsystems.Usmgna^forthe 

. art of expression ed. Academic Press, San Diego, U»ndon, Boston, New Yo*. Sydney 
Tokyo, Toronto, 1998). Suitable, viral vectors include hacnlovirus-, adenovrrus- and 
vaccinia virus- based vectors. 

Suitable hosts for recombinant expression include commonly used , 
10 suchasE. ^^oreukaryoticye^thatcanbemadetoexpresshighlevelsof recombmant 
proteins and that can easily be grown in .arge quantities. Mammalian eel! lines grown .» 
vit ro are also suitable, particularly when using virus-derived expression systems^Another 
citable expression system is the baculovirus expression system mat involve 
insect ceUs as hosts. An expression system may also constitute host cells that have the 
15 appropriate encoding nucleic acid molecules incorporated into their genome. Protems may 
aJso be expressed in vivo, for example, in insect larvae or in mammalian Ussues. 
A variety of techniques may be used to introduce the vectors according to the present 
invention into prokaryotic or eukaryotic host cells. Suitable transformation or trans^uon 

20 Coning: a laboratory manual New York: Cold Spring Harbour Laboratory Pres. » 
Ansnbe. « at. Current Protocols in Molecular Biology, Wiley Interscence, New York 
1991- Specter, Goldman & Leinwald, Spector e, a.l Cells, a Moratory manual; Cold 
Spring Harbour Laboratory Press, 1998). In eukaryotic oeUs, expression systems may 
either be transient (e.g. episomal) or permanent (such aa by chromosomal mtegratron) 
25 according to the needs of the system. 

The invention also provides antisense nucleic acid molecules which hybridise under high 
stringency hybridisation conditions to the nucleic acid molecules encoding rite ^rosme 
kinase inhibitor proteins or Amctionaf equivalents thereof. High stringency hybndtsarton 
condirionsa re defmedhe re ina S overtughtincnbarionat4 2 -Cmaso.urioncompnstng50% 

30 formamide, 5XSSC ( 150mM NaQ, 15mM trisodium citrate), 50mM sodmrn phosph*e 
(p H 7 6) SxDenhardts solnrion. 10% dextran sn lp ha.e, and 20 microgram/ml deniunred, 
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sheared salmon sperm DNA, followed by washing the filters in 0.1X SSC at approximately 
65°C. 

In a preferred embodiment of this aspect of the invention, a label capable of being detected 
is attached to these antisense nucleic acid molecules. Preferably, the label is selected from 
5 the group consisting of radioisotopes, fluorescent compounds and enzymes. 

These antisense nucleic acid molecules may be used as probes to detect defects in the 
nucleic acid molecules encoding a tyrosine kinase protein to which the tyrosine kinase 
inhibitor protein of the invention binds. The antisense nucleic acid molecules of the 
invention may therefore be useful in diagnostic assays. For example, it has been.shown that 
JO the cap region is generally missing in oncogenic forms of the tyrosine kinase protein Abl, 
such as BCR-Abl but that reintroduction of a nucleic acid molecule encoding the cap 
region restores regulation. The antisense nucleic acid molecules of the invention may 
therefore be useful for detecting whether a cap region is present in the nucleic acid 
molecule encoding Abl and to screen for mutation in the cap region of an Abl protein. The 
15 antisense nucleic acid molecules can also be used to detect whether a nucleic acid encoding 
a cap region has been successfully introduced into a gene encoding an oncogenic form of 
Abl, such as BCR-Abl. 

The invention also includes transformed or transfected prokaryotic or eukaryotic host cells 
containing a nucleic acid molecule encoding a tyrosine kinase inhibitor protein or 
20 functional equivalent thereof as described above or an antisense nucleic acid molecule 
which hybridises to such a nucleic acid molecule. 

A further aspect of the invention provides a method for preparing a tyrosine kinase 
inhibitor protein or a functional equivalent thereof or a fusion protein as defined above, 
which comprises culturing a host cell containing a nucleic acid molecule encoding a 
25 tyrosine kinase inhibitor protein or functional equivalent thereof or a fusion protein 
according to the invention under conditions whereby said protein is expressed and 
recovering said protein thus produced. 

As the skilled reader will appreciate, the identification of the tyrosine kinase inhibitor 
proteins of the present invention and, in particular, the identification of the role of such 
30 proteins in the autoinhibition of c-Abl will result in an increased understanding of the way 
in which tyrosine kinase proteins become deregulated in diseases such as cancer. Although 
the applicant does not wish to be bound by any specific theory, it is considered possible 
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normal audition o, c-Abl by its N-tenmnal cap region may be 
monies that prevent the cap region fiom interact with Ore catalytic and SH2 and/or 
SH3 domains. Such ac.iva.or compounds will increase the tyrosine kinase acttvtty of c-Abl 
and may be useful targets for the development of drugs. Once sncb activator compounds 
5 have been identified, it may be possible to identify modulator compounds tha rnhtb . the 
ability of the activator compounds to disrupt normal autoinhibition of c-Abl by tts 
terminal cap region. 

A torther aspect of Are invention therefore provides a method of identifying an activator 
compound drat inhibits atitoinhibition of c-Abl by the cap region comprising contaetrng C-. 

There are numerous methods of determining if the candidate activator compounds binds at 
a site on the c-Abl protein tha. prevents binding between the cnp region and the catalyttc 
domain and the SH2 and/or SH3 domains. In particular, competition assays can be used 
15 deternnneifacandidateactivatorcnmponndpmventsautoimmbitionbymecapm^ 

to order to identify candidate activator compounds of me present invention, both the cap 
region of c-Abl and c-Ab, proteins lacking the cap region can be nseti to screen hbranes of 
compounds in any of a variety of drug screening techniques. 

Candidate activator compounds may be isolated from, for example, cells cell-free 
20 preparations, chemical libraries, or natural product mixtures. Suitable — n« 
tolde polypeptides, such as enzymes, receptors, antibodies, and sectoral or fimcuonal 
mimetic! of lse polypeptides, including peptides and peptidomimetics. These may edher 
be natural compounds, isolated from natural sources, or may besynthetic or recombman, 
The c-Abl cap region that is employed in such a screening technique may be free in 
25 solution, affixed to a solid support, borne on a cell surface, or located totracellularly. The 

be detected by means of a label directly or indirectly associated with the candtdate 
activator compound or in an assay involving competition with a labelled competitor, to 
general, such screening procedures may involve using appropriate cells or oeU membranes 
30 mat express the appropriate protein, mat are then contacts with a candrdate ac»v*» 
protein to observe binding. Binding may be detected, for example, usmg a yeas, 2-hyb„d 
screen. 
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Another technique for drug screening which may he used provides for high throughput 
screening of compounds having suitable hinding affinity to the protein of interest (for 
example, see Intemationai patent application WO84/03564). In mis method, large numbers 
of different small test compounds are synthesis* on a solid substrate, which may then be 
5 reactedwimmec-Ablcapregionandwashed.Onewayofinunobilisingmetargetpro.em 

is ,o use non-neutralising antibodies. Bound protein may then he detected usrng methods 
that are well known in me art, including using biophysical techniques such as surface 
pfcsmon resonance and .spectroscopy. Purified protein can also be coated directiy onto 
plates for use in the aforementioned drug screening techniques. 
,0 fnapreferredembomment.acompedfionassayisperformedwhereinmec.Ablc^regi^ 
or a c-Abl protein lacking the cap region is attached to a solid support. Any suitable sohd 
snpport may be used, such as, for example, sepharose beads. Methods for Unkmg protems 
to solid supports are well known to those skilled in the art 

For example, when the c-Abl cap region is attached to a solid support, the defection of 
15 bindingofac-Ablpro te inlackingmecapregioncaneasUybeachieved,forexampleusmg 

a labelled antibody specific for the SH2 domain or the SH3 domain. Alternatively, ^ 
pmtemlackingacapmgionmaybeattachedtomesoudsuppottanddetecuonofdiebm^g 

of the cap region can be achieved using a labelled antibody specific for the cap region. 
20 acetyl transferase (CAT); digoxygenin (DIG); fluorescein; and radioisotopes such as I, H 

ll a candidate activator compound has been identified using the assay of the present 

invention, it will be desirable to test the activator compound in a cell containing c-Abl in 

order to determine its effect on the tyrosine kinase activity of c-Abl. 
25 The invention further provides a method for identifying a modulator compound that 

restores autoinhibition of c-Abl by the cap region comprising contacting c-Abl and an 
activator compound, as described above, with a candidate modulator compound and 
assessing whether binding between tire cap region of c-Abl and the catalytic and SH2 
and/or SH3 domains of c-Abl is restored. 
30 Candidate modulator compounds may be identified by conducting screening assays to 
identify compounds that interact with the activator compounds. The ability of a modular 
compound to compete with an activator compound can men be assessed using any method 
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..own to the person skilled in the art. In parties, competitive assays snoh as *ose 

ling whether binding between the cap region and the eatalyfo domam and the SH2 
"sH3 domains of c-Abl has be«n restored comprises detecting the — of 
normal (low) tyrosine kinase activity. 

The invention former provides a componnd mat is an activator ^ 
compound, identified or identifiable by ^ — • 
unoLodmatmodwatorsofthein^ 
,0 method bnt include any activator compounds which activate c-Abl by mmb.Ung bmdmg 

The identification of the function of the cap region of c-Abl protein as an inmbto <* 

20 lense nucleic acid molecule mat binds to a nucleic acid molecu* enco^ ^ 
kinase ptotein, an activator compound or a modulator compound as deemed alxwe. 
drably, me target protein tyrosine kinase is an oncogenic tyrosme krnase protetn, 
' preferably an oncogenic form of Abl, preferably BCR-Abl. 

25 a c-Abl protein, as defined above, as a tyrosine kin^e inhibitor. 

The ability to modulate tyrosine kinase activity in ceils and in particmar to decrease toe 
lyIos hie Le acfivity of oncogenic ^^^^X^ 
researchers seeking to understand how deregnlabon of tyrosine kmase pro 
diseases such as cancer. 

30 As referred to above, the tyrosine kinase inhibitor proteins, functional equivalents and 
l: Is of the invention have a wide variety of potential medica, app~, , 
pabular, the tyrosine kinase inhibitor proteins of the invention have applications m 
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treatment of diseases associated with deregulated tyrosine kinase activity since they are 
able to restore regulated tyrosine kinase activity. 

Nucleic acids encoding tire tyrosine kinase inhibitor proteins of the — 
events thereof tnay also he intioduced to tieat such diseases. The nuotem .* 
, mo.ecu.es may be used to express the tyrosine kinase inhibitor protetn » a tar et «*L 

kinase protein which has no cap region. Preferably, the tyrosme kmase may be 
deregulated form of c-Abl, preferably BCR-ABL. 
10 Accordingly, the invention mrmer provides a tyrosine ^^T^ 
functional univalent thereof, a nucleic acid molecule encodmg sam testae 

compound oramodmator compound as described above, for nse as a pharmaceutical, 

A further aspect of me invention includes a pharmaceutical composition comprismg a 

Iding said tyrosine kinase inhibitor protein or functional eou.va.ent, an anti^e 

one o, the embodiments o, the invention recited above, m conjunct™ wrth 
pharmaceutically-acceptable carrier molecule. 

Carrier molecules may be genes, polypeptides, antibodies, »^ 
polylactic acids, polyg.yco.ic acids and inactive virus partic.es or mdeed any omer agen 
that Jcarrier does not i,se,f induce toxicity effects or cause the produce* of 
^bodies that are harmfu, to the individual receiving the pharmaceutic, compos*^ 
Carriers may aU6 include pharmaceutical* acceptable salts such as mtneral actd salts (for 
hydrochlorides, hyd ro bromides, phosphates, suiphates) or the salts o, organic 
H fcr example, acetates, propionates, rr— — ). Pharmaceuhcally 

the like. Carriers may enable the pharmaceutical compositions to be ormu, tedmm 
30 tables piUs, dragees, capsules, liquids, gels, symps, slurries, suspends to ard m«ke by 
tire patiL A thorough discussion of pharmaceutical., acceptable earners „ avaUable m 
Remington's Pharmaceutical Sciences (Mack Pub. Co.,N.J. 1991). 
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effecdve amount. The phrase therapeuUo^ly e«* ^ ^ 

m ay he administered in combination with other agents, drugs or hormones. 

woqr/90734^ or transdermal means, oenc g"" 
apP bcadons (f or e^e . • W« ^ ^ ^ 

rT-l^-C-i- may he prepared as ingles, e it her as U q uid 
vehicles prior to injection may also he prepared. Dnect ~ or 

^usomarly.ordeiivered^m— spa** *sue.^ ^ a 

be administered into a lesion. Dosage treatment may be a smgle 
30 multiple dose schedule. 

^ invendon aiso includes me use o ( a tyrosine 

equivalent thereof nneieie aeid moieenie encoding sard tyros— - ^ 
or functional equivalent thereof, an antiseuse nucleae actd molecule. 
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compound or a modulator compound as described above, in tbe manufacture of ^a 
ledlment for treating a disease or a condition associated with aberrant tyrosme kmase 
activity. . 

^ cosine kinase inbibitor proteins and functional events, tbe nucleic acid 
5 moiecL encoding these tyrosine kinase inbibitor proteins and funcuonal events, tbe 
ZZ ^nucleic L molecules, tbe activator compounds and de modulator compounds 
I Tinvention will be useful in me manufacmre of medicament for treating drseases 
associated with aberrant tyrosine kinase activity. 

The tyrosine Kinase inhibitor proteins and function* equivalents, the nucleic acid 

1 modulator compounds of me invenhon wi.l be useful in the manufacture of 
! LI- for -bug diseases associated with an aberrantly bigu .evel^of ^osm 
.inase activity. Preferably, such a disease is cancer, more preferably >~ Tbe 
anbsense nucleic acid moiecules and acdvator compounds of the mvenhon w^-M 
15 in the manufacmre of medicaments for treating diseases associated w«h an aberrantly low 
rev? of tyrosine kinase acbvity, such as agammaglobulinemia. 
Liter proteins and mnctional equivalents, the nucleic acid molecules encodmg *- 
^sine Lase inhibitor proteins and Actional equivalents, me anttsense nucletc a.d 
Lecules, the aebvator compounds and the modulator compounds of the mveohon w* 
20 Ibeusemlmmetrear^entofneurologicalmsorderscausedbyaberrant^osmektn^ 



activity. 



border or disease associated with aberrant tyrosine kinase achvrty m M- 
comprising administering to the patient a tyrosine kinase inhibitor protem or — 

... m ,riric acid molecule, an activator compound, a 
or functional equivalent, an antisense nucleic acid molec 

modulator compound or a composition as described above m a 
amonntPrefenedpatients are mamma!, more preferably humans, *>*»*>>*Z£ 
or disease associated with aberrant tyrosine kinase activity is a nenrologtcal drsorder, 
30 agammaglobuUnemia or cancer, preferably leukaemia. 

* invention brrmer comprises a method of diagnosing a condition associated with an 
aberrant aebvity of a tyrosine kinase protein comprising mea^unng the level of an aberrant 
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. . na cell samp ie obtained from a patient using a tyrosine kinase 
tyr osine .nase P-^ ~^ M ^^»»»<*~» 

Kuase inhibitor protein of the urvennon, bound to an on , ■ V 

invention further comprises a method of — . ■ ^^^Z 
15 region of the protein tyrosine kinase Abl. 

^ r ~ - - 

^osine Knase in an — mode, in which *e = ^Tl— - 
deregulated, eausing eanee, The transgenic annuals wul also be usefn 
effectiveness of modulator compounds, as described above. 

developing a more detailed understandmg of the «* - ^ . „ ^ 

which they are regular. The tyrosme hmase uuubttor p*» ^ 

auto-inhibition. The inventors have aiso develop a 

30 dereguiating e-Ab. in particular. Spe«, lavage si. 

contains a mutation mat introduces a Tobacco- ^^ ^L ^ —n ^ 
roughly at the boundary between the cap regton and the SH3 dom 
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• * »li u„ t treatment of cells expressing this protein with 
the effects of the activation of c-Abl activity. 

located at residues 82-85, such <hat cleavage occurs « residue 78, 
10 the N-terminal domain. 

a.descnbedaboveinrespec.ofthe.yrosiueinhibitorprote.nstegeueral. 

, uitv of c . Ab i in a cell comprising supplying the cell witn a 
protein comprising a protease cleavage N -terminal 

N-terminal domain to it. 
20 There is also provided a ntelhod f or producing - — 

cleaving a c-Abl protein uprising a protease cleavage ate, as descnbed above, 
p^andisoladngU.ecleavedC-ternnnairegionomec-Ablprote.. 

Abl protein. 

the nucleic acid molecules. 



•*d . method for activating a c-Abl protein comprising introducing a 
There is also provided a method tor a * cleavage site into a 

^ for producing an activated c-Abl protein 

rintion also provmes a method' for facing a j£ 
10 ^^^TSl,, * - a ceti 

thecleavedN^rminalcapregionofthec-Ablprotein. . . 

15 Abl protein containing a protease cleavage donram - -~ ^ 

are nsefnl as they will enahle research rs to asse^b _ 

cosine kinase activity of c-Abl , Accordmg to . M «£- ^ 

to is provided a method for activating tyrosme se cti. y ^ ^ 

comprising snpplying a tiansgenie animal compnsu, - ^ 
20 protein containing a protease cleavage domam as de^W ^ J ^ ^ 

m ethod can he conducted using any genetic ^ ^ ^ 

actional mutations on c-Ah. activation. In ad^the — ^ 

toid entify compounds matrestoreantotnmhmonof c Ah Th ^ ^ 

25 an in *o method for screening for a compound "^^^a, 

^^^^^r^lTi-- —d and 
described above, supplying tire transgemc annual w«h ^ 

assessing tire effect of tine candidate compound on tit, '^^^ 

o£ the transgenic animal. The candidate ,„ vi v. effeetiveness 

30 Preferably^escreemngmemodoftheinvention.snsedtoassessur 

Lodulatorcomponndsidentifiedbymememodsde.nbedprev.onsly. 
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Various aspects and embodiments of the present invention win now be described in more 

scope of the invention. 
5 Brief description of the Figures 
Figure 1: Autoinhibition of c-Abl 

A c-Abl and Abl-PP were expressed by in vitto translation in wheat germ extract. Total 
pr0 tein extract (left pane,) and anti-Abl —precipitates ^ ^^J^ 
. by SDS-PAGE, blotted to nitroccllnlose .and probed win, anti-Abl and anti- . 
10 phosphotyrosine antibodies. 

B. S. pombe strain SP200 was transformed with a vector expressing c-Abl. AS m-AW or 
Abl-PP nnder control of a thiamine repressable promote, Sixteen (left panel) and tw^y- 
fonr hours (right paneD.after induction o, protein expression by thiamm e remov «* 
were ,ysed by editing in SDS-sample buffer. Lysates were separated by SDS-PAGE, 
15 blotted to nitrocellulose and probed with anti-Ab, and anti-phosphotyrosme anttbod.es. 

C HEK293 cells were transiently ttansfected with SV40-driven e-Abl and Abl-PP 
«p^ion plasmids. Potty hours after transfection cells were lysed and Abl protem was 
ZnunopurL using covalently coupled anti-Abl antibodies. Abl and cc-purriyurg 
^eins we.e.utettbypHshoCsepara.edby^S* gradient SDS-PAGEand — 

by mass specttometty. Purified c-Abl and Abl-PP proteins were assayed for then catalytic 
Ivity by in *. Kinase assay using GST-C* as exogenous substrate. Bands w«* 
exeil Id incorporated radioactivity was measured by scintillation counttng. Th 
bistograph shows me catalytic activity of purified Abl-PP compared to punfed e-Abl 
V SD of two experiment done in triplicate, left panel, Pari of the Abl pro«m 

used for the in «<ro Knase assay was blotted and probed with antt-Abl an »>ti- 
phosphotyrosine antibodies (middle paneU). An autoradiograph showmg an example of the 
incorporation of radioactivity in GST-Crk is presented. 
Figure 2. The core element for c-Abl regulation 
30 A. Schematic diagram representing tire different generated Abl protein, The Sffi SH2 
and catalytic domains as well as the last exon region are shown as boxes. P242 and P249 
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,h» sm-catalvtic domain linker that are mutated in 
indicate the two proline residues m the SH2 cataiyu 

Ahl-PP and derivatives. 

• .. m „«fected with the indicated SV40-driven Ahl 
B . HEK293 cells were — ^ ^ ^ _ lysed ^ total protein 
expression constructs. Forty hours after transfection > 
5 JLctwasanalysedbyanri-Abland'^^^ 

C Ahl protein was immunoprecipitated ftom total cell extract using ^ 

Figore 3.A«t.inh i bit i .nofc.Ablb,i te N-.ermin« S 

A. Schematic diagram representing the different generate, 1 Abl pro^ ^e SH3 SH 

indicate the two proline residues in the SH2-catalytic a 
15 Abl-PP and derivatives. 

constructs. Forty hours after transfecrion cells were lysed and me — 
extractwasanalysedbyand-Ablandand-phospho^smermmunoblottrng. 

C Ah. protein was immunoprecipitated ftom total cell extract using 
20 Uofted m mtroceUulose and probed with anti-Ahl ^^J^T^^ 

Figure^/nvarobinding.ftheN-.ermlmdregiont.Ablpr.tem 

25 a. .A, Abi « OT ^r: 

lysa tes were incubated with the mdtcated GST ms - P ^ 
Sepharose beads. Adsorbates were analysed ^ y ^ ^ Mal 
imm unoblouing (left panel). Inputs are shown for Abl (nght pk 
GST fusion proteins were used for ench pull-down as quanufied by Coom 
30 staining (data not shown). 
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B.HA-tagged pieces of Ab, were expressed inHEK293 colls. Ceil lysates wero fncuba** 
" L Ldicl GST hrsion proteins as described in A. Adsorbs were analysed by 
SDS-PAGE followed by anti-HA immunoblotdng. 
Figure 5. Mutagenesis analysis of the N-termtaal cap 
, A. Alignment of tbe c-Ab. type la and lb N-terminal region, Indicated ^ residues 

(g J of four residues in a row) wbich are mutated to Canine for tbe drfferen. cap 

mutants (cap 1-6). 

^TceUs - Anti-Abl —precipitates were anaiysed by anti-Abl and antt- 

ST astay -ing GST-Crh as substrate (rigbt pane!,. Tbe bistograpb sbows tbe fold of 
kinase assay using _ expenments 

activation of the different constructs compared to c-Abl (mean witn 

done in duplicate). 

C HA-tagged Abi proteiu pieces (SH3-SH2-CD and CD) were expressed in HEK293 
„ irceu lysates were incubated witb tbe indicated GST fusion proterns bound to 
15 ZZZZ se beads. Adsorbates were .alysed by SDS-PAGE foiiowed by a„U- 

HA immune-blotting. 

Figure 6. Role of the N-terminal cap of c-Abl 

A Schematic diagram showing the stnrcture of the N-terminus of c-Abl. The SH3, SH2 
acii seance of tbe N-terminus of the c-Ab, type lb proton, ,s show.Tr* ^ 

protease. 

25 B Abl-TEV and indicated constructs were expressed in HEK293 cells and 
Lut precipitated with and-Ab, antibodies. Immnnecomp.exes were i«cuba«d wtth^ 
Tlr 1 ('> TEV protease, separated by SDS-PAGE, blotted to mtrc^uiose and 
P 1L with L-Abl antibodies (upper panel, hnmunecomp.exes were assay^ 
Lalybc activity by , vitro Kinase assay using GST-Crh as substrate (lower ^ . The 
30 Mstolh.howsthefo.dofacdvationinducedbyTEVprote.se^eanwtthSDofthree 



Nentsi This was calculated by dividing the catalytic activity of Abl 
independent experiments). Wis was incob ation. 
pn.teinafterTEVtreaunentbythecatalyticacuvi^witboutTBVincub 

™.„t of c Abl including the N-tetminal regulatory 
C. Mode, of theS-dimensional - JJ^^- ^ doffiain ^ te caUdyUc 
"cap" based on Itnown structures of toe ™ ^ „ . rod smc ture . 

l^eadindicatesuiepositionofmeengineeredTEVcleavagesrte. 

^T.Inhibituinrfc.^.ctlvt^by^N.terr.inalc.p 

■., d Abl PP AM1-D81 were ttansiently expressed in HEK293 cells and 
10 A. Abl AM1-D81 »d Abl-PP AM D ^ wcre incubated for 2 

P-*"" X^le^ d a m ^«so f OSTfusio.p I o te in(GSTor 

j thf* indicated constructs. Alter an 

B. HEK293 cells were transfecteo wth the ind.cn* . 
„recipitation using anti-Abl antibodies. Ore ,mmune«,mplexes 
w es.em-blotanti-Abl(upperpanel)oran«i.p412(lower pa nel). 

. „f BCR-Abl or ACC BCR-Abl tested by m 

duplicate with SD). 1a 

25 andlb.humanArglaandlb.andmnnnec-AbllandlV.t 
cap 6 domains are shown. 

Figur e* Alignment of me nucleic acid seances of thecap regions for hum. c-Ab, la 
and lb,humanArglaandlb,andmurinec-AblIandIV. 
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EXAMPLES: 
i ) RESULTS 

Expression of c-Abl in non-vertebrate systems 

cAb l and Abl-PP.aderegulatecfonn in which two prolines in the putative —c^r 
5 SH3 blLg region connecting the SH2 domain to the catalytic domain are mu*ted 
5 SH3-binding region a Analvsis of total cellular proteins 

fP242E/P249E), were expressed in wheat germ extract. Analysis 
(P242E/P24^, tatedc „ Abl reV ealed mat no tyrosine phosphory^^ 

as well as of immunoprecitated c-adi reveai * a w PP resulted in 

j Vi r Ahl is expressed (Figure 1A). However, expression of Abl-PP resulted in 

10 c-Abl is regulated in extracts of plant cells. 

We have previous* reported «hat c-Abl an, an SH3 domah, - ^ 

s-tS" - - — * - case - sh3 doma r p enden : 

tyros ine phosphor^ or — - = ^ ^^JH - 

.iic rFi mire IB') After 24 hours, however when more c am proic 

cells (Figure IB). Aiier regulation is sensitive 

difference was abolished. Thus, c-Abl is regulated m S. pombe, regu 

to the levels of protein expression. 
20 Regulation of c-Abl in vitro 

mioiire lO After a purification procedure that mciuaea d » 

(Figure 1C). Arter F were very sirnilarj 

Constitutiveiy <io /p imire ir right panel and Dorey et al., 

a c«vmesusmgGST-akasasubstr We ^ tested a m utant in which 

30 c-Abl and Abl-PP was measured (Figure 1C, left pane ) p242Aff249A)j to find 

the two prolines in the SH2-CD linker are mutated to alamne (Abl-P242A/P249A), 



v t« e am P242E/P249E (data not shown). To confirm 
tot to difference in activity involved SH3 domain p ^ ^ 

v arious otor mutants, deluding point mutabons wrfnn 
m utant in which a pntauve intramolecular salt bridge betw- .he 

• • J mm .«d (Abl K313E Barila and Superti-Furga, 1998). All oeregu 

. necessary to mainiain c-Ab. in a slate of catalytic inhibiuon. . • 

10 Altongh it is m, ear why it baa been ^ ™^ 

(Pendergast et ah. 1991; Mayer and Balumore 1994 ^ found that the nature of 

to divalent saitnsed in the Kinase -ebon has a^-d^ ^ 

f TwraPU at lOmM concentration allows the detection 01 & 
activity. While the use of MgCU a. « ^ ta the 



not shown). 

Minimal region required for c- Abl regulation 



Minimal region requw^w = . , ^ f 

P . and G-actin (Goga et ah, 1993; McWhirter and W. of c . 

AbU Ab 1 Ml-K 5 31,Figure2A).Wealsoeng 1 neeredarn^ rf 

«„<,««. SH3 domain, known to be aispensame iui s 

25 terminal amino acids preceding the muqou. 
Src family kinases (Abl P82-K531, Figure 2A). 

• in HEK293 cells, cellular proteins were analyzed for 
After transient expression in^9 ^ ^ ^ _ 

phosphotynosine content as a measure of m v,v P ^ 

— » fM rrjSSST; It lead * activation of Abl 
30 vitro. Deletion of the last exon region (Abl Ml ^ / atalytic domai n 

(Fiaure 2B-C) but the additional double proline mutauon in the SH2 ca y 

— «-^'^*-'- ,, * ,,, * ,t- " 
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• a indent reeulation is operational within the short form of Abl. Deletion of the 
domain-dependent regulauon is op GST-Jun, 
,as. exon region abolished the abitity of Abl to phospborylate GST-Crk, 
probably due to the loss of the Crk binding site (Ren et al., 1994). 
AH P82 K531 showed elevated tyrosine phosphorylation levels in total extracts and was 
Abl P82-K531 show wHen compaied to its eonnterpart 

highly aeuve » vrtro after .mm P _^ ^ ^ 

containing the normal N-terminal sequences (Abl M1-K531, Ftgnra ) 

c <• ™iv kinases where residues N-termmal to the SH3 domain ar 
contrast to Src family kinases, wh . K uriyan»1997). 

) iaKen ragci , catalytic domain as well as the N- 

for the regulation of c-Abl compnses the SH3, SH2, cataiyu 

terminal residues. 

Regulation of c-Abl by its N-terminus 

We also tested if the absence of this regulatory N-terminal region activated tire oncogenic 
ZI^A l. in focus-formation assays using NTH3T3-P cells Abl AE46-D8! was a 
^olgene, reaching a transformation effrciency comparable . point mutations m 
the SH3 domain (Table 1; Barila - and Superti-Furga, 1998). 
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The N-terminal region interacts with c-Abl in trans 

We tested the ability of the N-terminus of Abl to interact with the rest of c-Abl. GST 
We testea mo j _ Q Q f the 

d exon = o 1* «Mb (o — ^ c . 

™ 1 (Fig- 4A). Since in the ABL; gene two — ve first exons are spho* 
HEK293 cells (F.gn I ^ ^ ^ ^ tested sumlar 

to gWe rise to c-Abl type la and 1 QST ^ iyASi fiye Abl 

t v_ aw N-terminal amino acids and Abl AM1-D81 in nan*. 
iTny ITsT-fusion proteins, suggesting that the binding site in c-Ahl is 
was no, bound by the ft> P ^ ^ o]dy 

"covered" by the N-termmus » «, Abl-PP AMI D conformatio n- 
weakly. Thus, the N-terminal region appears to bind the rest 
15 dependent manner. 

the first exon type la, type lb ana oi tne <jm-SH2-linker- 
, »w fFieure 4B), including the SH3-Mii imnci 

down transienfiy expressed c-Abl proteins (Figure J, 

. ,tm <!H1-CD1 the SH3-SH2 domains or of the catalytic aom 

catalytic domain portion (SH3-SH2 CD), the s The 

25 to this region as the "cap". 

Mutational analysis of the N-terminal region 

performed alanine-scanning mutagenesis of gronps of four, mostly pol , 
:lon second exon region ,and ma, appeared conse rved betwee^ U .d» 
30 altemafive exons (Figure 5A, cap !-6, After transient expr^on » ^ 

for catalytic activity in vitro. The cap 1 ana cap 
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, • oumirp To establish a possible correlation 

pxhibited an increased catalytic activity (Figure 10^ 

rr : * - ca P , - caP . — * - « **»^ 

^ rtf aw Pvon lb with the cap 1 mutation (GST lb cap i) 
fiST fusion proteins were prepared of Abl exon i d wim " 

GST fusion pro v ^ ^ gently 

0 „j _ vnn o w ;th the cap 6 mutation (ubi ^ cap w ai r . 

and the relatively strong binding of exon ID to tne c .-.„„., 
by mutadon of cap 1 residues. These results show that bod, conserved residues of e*on 1 

The N-termina. region is required to maintain the regulated state 
TheN-termina. region may only be required to assemble the mgulatory apparatus, poss^y 
^ng folding, and men become dispensable. Alternatively, the N-termmal region may 
^ c 1 to pardon,, suboe.lu.ar sites and only indireetly affect c-Abl regulation. To 
T- mese possibles, we too, advantage of the presence of ^ — ^ 
15 cleavage site for the highly specific Tobacco-Rcb-Virus (TEV) protease - * 

honndlybetweenmeN— -d the SH3 domain. We engmeemd a perf^ TEV - 
by mulg four residues to obtain Abl-TEV. The TEV Ceav age wo^ « 

Lues upstream of PbeS5, representing the beginning of me pA strand of the SH3 
residues up ^ to 

domain (Figure 6A; Musacchio et al., 1994). Mutauon ™K293 

IT with Abl-TEV as weU as wim control Ab, construct, Abi proteins w • 

^precipitated and treated or not with TEV protease. TEV 
appearance of a faster-migrating form of Abl-TEV but not of c-Abl activit^ordy 
lys porformed in parallel revea,ed a TEV-dependent increase in catalydc acuv,^ 
25 in A™ and not in c-Ab, or Ab, AM1-D81 (Figure 6B, The ~~££Z 
immunoprecipitatedpmtein^^ 

critical role in its regulation. 

.i • „ h,MMte Abl in vitro and restores regulation of BCR-ABL 
30 The N-terminal region inhibits adi mi vuru «.» 

To test whether the interacts of me "cap" are sufficient to restore * 
vi(ro , we purifiedaGST fusion protein of theN-terminal region of type lb Abl (GST 
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2) md abated it with — rented Ah, A-.* ^ — 
bea ring the addition, PP — to - G ^7Jir « activity 
protein had no effect on catalytic activity, GST lb + 2 innib 

5 AM1-D81 This result could indicate a potential direct effect on Abl s ca yt 
to Abl-PP AM1-D81 observed previously (Figure 4). 

» -* « - « ~r:« "^ exon (BCR-cap- Abl; Figure 
between the BCR sequences and the beginning 01 ^ed-coil region 

7B , In paralie. to such constructs, we also tes te d versions n^ch £ cole ^ 
of BCR-ABL, critic involved , , * - — ^ fc ^ BCR . 

phosphotyrosine, since BCR-ABL is tyrosine phosphoryl ted als 

bearing Ure coiled-coil deletion were less „ 
• * r,rp ART activitv (Figure 7B; McWhirter et al., 

M. _t V. «.» — — * - . ^ ' caused . — 

r=:n. — *rrrr:=s 

- as™^ 70 Toaether, these data show that the first exon re S 
30 its normal counterpart (Figure 7Q. Together 

capable of restoring regulation "'V"*"*"^™™.^^* 
features of dimerization in overriding the nahiral regulation of Abl, andsugg 
the first exon may contribute to deregulation of BCR-ABL. 
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2 ) glSCUSSIQN 

The data presented here demonstrate regulation of purified c-Ahl in yUro as well as 
regulation in non-animal expression systems. Regulation of c-Abl activity is thus an 
intrinsic property and dees not require a particular cellular inhihitor. An mtramo.ecu.ar 
sandwich involving the SH3 domain, the linker between the SH2 and catalytic domarn and 
the catalytic domain itself has been proposed to regulate the activity of c-Abl as does > 
Src family kinases (Barila and Superti-Furga, 1998). In Src family kinases, however, the 
assistance of the C-terminai "tail" region is essential. What struemm in c-Abl substrtutes 
for tire C-terminal taU of Src?. The last exon region of c-Abl bears nuclear rmport and 
nuclear export signals on top of binding sites for a variety of cellular proteins mc.ud.ng 
actin, Crk, Nek, p53. There is genetic evidence that it plays a role in the regulation of c- 
Ab. in cefis (Goga e, al., 1993; Woodring et al., 200!). We show however, that the las 
exon region of c-Abl is totally, dispensable for the SH3 domain-dependent regulahon of 
catalytic activity as defined here and measured in vitro. 
,5 If the last exon region is dispensable, what is minimally required. In addition to the SH3, 
SH2 and catalytic domains, the Src-like W. we found an unexpected critical role for 
th e first 81 residues of the c-Abl protein. In this respect, c-Ab. differs to Src famrly 
kinases, where residues N-termma. to fine SH3 domain are dispensable for intramolecular 
regulation (Koegl et al., 1995; Sicheri and Kuriyan, .997). An immediate ^estion 

20 ,a^>r^^«*»^™^"~^ A ? U ~ 
two alternative first exons are spliced to give rise to c-Ab. type la or lb (Shtivelm*, e. a. 
1986) c-Abl la is 19 amino acids shorter, is spliced much less frequently and does not 
inCude a myristoylation signal. There is no evidence in the Hteratore that would indicate 
different levels of activity between the two forms. Transgenes encoding both type I and 
25 typeIVc-Ablprotemsre,cuemelemalityofc- a Mmutantrnice(Hardinetal., 1996). Our 
Tempts to express Abl bearing the type la exon in cells failed, consistent with tire report 
of others (Van Etten, 1999), but when translated in reticulocyte .ysates, type la Abl rs 
regulated as well as type lb (K. Dorey, unpubhshefi resuhs). Early reports had addressed 
rhfrole of the N-terminus in the regulation of c-Abl (Fran, e. al., 1989; Jackson and 
30 Bauimore, 1989; Wang, 1988), bu, tire results were not .sufficiently conclusive, and 
attention focused on fire discovery and .unction of the adjacent SH3 domain, obscunng fire 
role of the extreme N-terminus of c-Abl. 



• nr™^ *n While Src family kinases have an interaction 
interactions (Figure 6C). wmie ? SH3 domain . 

k • «-n SH2 domain that contributes critically to maintenance of the 5>H3 
their own SH2 domain analogous function, 

dependent regulation, c-Abl has an N-terminal cap « -~ ^ 
5 This cap appears to hind at several portions "across 
re ^ated,inhihitedconformatio,« 

• u- mm » sa'i which is common to both type id <mu * 
.1 region in Figure 5 A), wnicn is c cata lvtic domain.. The first 

paI t of a. — second «» a~ no, -^W* ^ „ - ^ 
.0 with.meSHS and/or ^. ^ ^ ^ ^ ^ ^ ^ ^ ^ ' 

^-merely forgmpmcconvenien -* ^"^LeUandXb^of 

AM someofthelQaddidonalresiduesofd.etypelbcapmay loop oat 
the minimal "bridge" from the SH3 to the catalytic domain. 

a f„ m of c-Abl in which the presence of the N-termmal 
15 TheexpcrimentwimmeengmeemdformofcAblm ' 

reg ion is removed in has shown that me N-termmns , mqmmdto m 
JU toassembletheregnlatedcooformahon.Thisisalsocon 

• u-u-t u« Abl in vitro. This mechanism may be expiouea y 
sequences to inhibit cap-less adi in vu, 

proteins that inhibit c-Abl in trans. 

the Abl SH3 domain (reviewed m Van Etten » 

intramolecular interactions and catalyuc achvrty, as in Src <™*>* 

_ ■ . i innm Tn this view, phosphorylation of the activauuu »u v 
probable (Gonfiom et al., 2000). In this vie p P cap . me diated inhibitory 

. , onnm while Src family kinases and Abl itselt act as 
inhibitor of c-Abl (Cong et al., 2000), wlule S rc t y 
30 activators by causing phosphorylation {Planner et ah. 1999, Brasher and 
Dorey et al., 2001). 
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We beUeve that the cap represents .be missing link in c-AbPs in— ar regniabo 
The first exon region is lacking in aU of the different fusion proteins formed w.m BCR or 
TEL resulting from cbromosoma, —ions and also in v-Abl. The dtmerrzabon 
pmperbesofBCR and TBL are mougbt to induce cross-pbospborylabon and aeuvauon of 

5 L catalytic domains by induced proximity and tbus represent critical 

alterations o, c-Ab, (Go.ub et a!., !996; McWbirter e, a!., 1993; Sm.fi> and Van Eben 
2001). Moreover, signaling properties in the BCR portion of BCR-ABL are known to be 

of the N-terminal cap in BCR-Abi'Cand in TEL- Abl and v-Abl), represents a loss-of- 
,0 function" alterafion which contributes tS the acquisition of constitutive tyrosme krn,e 
activity in these oncogenic forms. Thus, the cap of c-Abl may represen what the C 
terminL tail represents for c-Src. A crystal strucmm of c-Ab! including fire cap wfil be 
Ztia, to ebldatetheprecise mo.ecular mechanism of Ration, and «bturew»kwrU 
address how fire cap may modulate c-Ab. differently in the different spbce vanants and 
15 in the context of cellular signaling networks. 
^ iTCPFmME^ T PROCEDURES 
DNA constructs 

pSGT vector and pSGT-Abl constructs were previously described (Barila and Sup^ 
Furga, 1 99 8 ).AblMl-K531,Abl-PPM 1 .K531a„dAblP82-K53 1 we re obtamefibyPCR 

20 wi* c-Abl type !b as template and subcloned in pSGT vector. 

Mal-H45, Abl AE46-D81, Ab, AM1-D81 and Abl-PP AMLD8L pSGT-c-Abl or pSGT- 
Abl -PP were digestefi with EcoRI and Kpnl and fire released N-terminal fragment w* 
replaced by a PGR product containing fire desired delefion. Point mutatrons and cap 
mints (cap 1-6) were obtained using fire quick-change site directed mntagenesrs krt 
25 «e L) -d pSGT-c-Ab, type lb DNA as template. All mutagenesis — were 
corJLd by sequencing. Tbe SH3-SH2-CD (N80-K53!), SH3-SH2 (N80-P 35) or CD 
(D252-K531) Abl protein parts were amplified using hAbl as a template and subclone.! 
into a CMV driven vector containing a HA tag (described in Barila e. al., 2000). 
The p210 BCR-Abl is a kind gift from Owen Wifie. pSGT BCR-Ab, ^ 
30 BCR-Abl have been reconstituted by amplifying respectively M1-F1059 - 

Tbe resnlfing BCR-Abl fragment were digested EcoRIfltpn I (a umque , mtemal sfie ^ 
Abl ) and subcloned into pSGT hAbl backbone. To generate pSGT BCR-eap-Ab. and 
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no AH BCR (M1-S927) or ACC BCR (L61-S927) have been amplified 
into pSGThAbl. All PCR products were sequenced. 

E xpres S i.nofAblinwheat g erme X tracta„dS.p<m»&« / ' 

SDS-sample buffer 16 and 24 hours after induction. 
Transfectionandimmunoprecipitation 

10% fetal calf se W m. CeUs were transfected wttn IP buffer (50 mM 

phosphate method. Forty hours after transfecfon cells were -Ays* . 

by centrifugadon (10' 13,000 rpm). Ah. protetn was ^ 
ly satesinlPbnffer«sn, ga nU-Ab,andhod S (Ah.3, Oncogene Sctence^K 

Lune cotnple.es were recovered using protein G-Sepharose ta* ^d 
catalydc acdvity and analyzed by SDS-PAGE foilowed by antj~Abl CAb3 or BK 
25 and- hosphotyrosine (4G10, Upstate Biotech™ iogy) 
an^odiesthatrecognisespedfi^ 

a W nd g iftfronrDr J .Wu(Ce,.S ig nal i n g Techno.og y (CST)Inc,Bever,y,MA). 
Large^calepuriBcaUon of Abl protein 

30 hours after transfeedon ceUs were .ysed in IP buffer and ^ ^ 
b y centrifugadon at 100.000* for Ih. Cell lysates were tncubated w.«h 
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(Ab-3, Oncogene Seienee) covalently coupled to protein G-Seph. se be^Beads w » 
Led with IP buffer followed by phosphate buffer (50 mM NaPhosphate pH 6.3. 0.1% 
T^XIOO 500 mM NaCl>. Bonnd proteins were used for Ah! kinase assay drrectly or 

5 a^JgLientSDS-PAGEgei^^ 

brilliant blue colloidal Coomassie staining (Sigma). ' 

AW kinase assay 

^ catalytic activity* o, purified Abl protein bonnd to protein G-Sepharose beads was 
U as foiiows. Bead, were w,hed three times ^'^^^ " 
10 bnrferwitbont.acandtwo tbrres with ^ assay ^^^^ 
rnM MgCk, 1 mM DTP). Twenty pi kinase assay mx (1 W Qkl2 V » 
71999) 05^^^^ 

«*» was stopped by adding SDS-sample buffer an an^ 

Ld scintilladon counting and/or phosphoimage, analysis. For the . - mhrbmon o 
iGSTor GST lb + 2protein were bacterid expressed, pnrified and dialysed agarnst 

assay mixture, samples were incubated for 2 hours a, 4'C and then assayed, above. 

20 Focus formation assay 

u , ,1 nSGT to dSLX vector (Renshaw et al., 1995) by BamHI 
Abl DN As were subcloned from pSGl to vc 

digestion. Focus formation assay was performed in NIH3T3-P cells (Renshaw et ah, 
ulg 0 5 |ig of pSUC-Abl DNA essentially as described (Barila and Superu-Furga, 19*. 

25 the number of neomycin resistant colonies of each construct. 
In vitro binding assay 

DN A fr agmentscorrespondingtoc-Ablaminoacids,Ml-H45(lstexon type lb),E46-N80 
Tmplal AU PCR products were cloned in pGEX-2T vector. Bactenally produced Ah, 
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mg of HEK293 cell lysate containing c-Abl, Abl DMi u . 

pins were analyzed by SDS-PAGE followed by --Abl « antr-HA (12CA5, 
5 Boehringer Mannheim) immunoblotting. 
TEV cleavage of Abl protein 

An artificial TEV cleavage site was engineered in c-Abl just before the SH3 domatousing 
change site directed mutagenesis kit (Stratagene). c-Abl amrno acrds 74-77 
ZSZZL* by W QO introdncing a perfect TEV consensus site, giving nse to 

0 1% Igepal, 0.5 mM EDTA with or without 10 ututs of TEV enzyme ( 
SubsequenQy.beadswcreprocessenasdescribedforAblkinaseassay. 
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Table 1. Transformation potential of Abl AE46-D81 



PSLXc-Abl 



Neocolonies Fociin5%CS Transformation 

efficiency (%) 

(mean + SD) (mean±SD) 



5955 ±505 13±3 * °- 2 



PSLX Abl AE46-D81 



2170 ±170 215 ±35 



9.9 



-ms + 185 615 ±125 28 - 8 

PSLX Abl-PP 2135 ± 183 



Nffl 3T3 P ceils transfected with the indicated Abl constats in vector pSUC were grown 
experiments done in duplicate. 

10 
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CLAIMS 

functional equivalent thereof. 

mammalian c-Abl protein. is 
4. iT^ine kinase inhibitor protein access to Cahn 3 whereh, 0* c-Abi protein * 

, : is: it ^ ^ — . — * — ■ - — 15 

, kinase inhibitor protein — to Cain, 8 wherein toe c-Abl protein is 

«, JSTL. — P-in according to eiaint 8 wherein - c-Abl protein is 

-^ 9 "- ,,, * - " i,0, * 1 • 

12 .l f S^ase inhibitor protein according to ciahn 10 consisting of anuno acids 1- 

M ..l^rrUtor protein or fonctionai *~ .hereof^ ° = - 
one of clahns 1-12 which inhibits a tyrosine kinase protein contanung SH2 and 8H3 

U.H1. — — • ° r " accorfing * CIaim 13 

™ which inhibits Abl.Src or Fyn. 

15 r^^^^-^-^^^i^ 

» which inhibits an oncogenic form of said tyrosine kinase proten, contanung SH2 
and SH3 domains. 
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tfwUchinmbitsanoncogemcformofAbl.SroorFyn. 

16 which inhibits an oncogenic form of Abl. 

5 18 . A tyrosine Knase mhibitor protein or functional equivalent thereof accordmg to clatm 

17 which inhibits BCR-Abl. fictional 
19 A fusion protein comprising a tyrosine Knase inhibitor protem - 

accordingtoanyoneofc.ain.slto.lSortoa^ionproteinaecordungtoclann^or 
22 m acid molecu,e encoding a tyrosine Kinase inhibitor pterin or a functional 

nncleic acid molecule according to claim 22. 
2 4Avectorcompnsinganncleicacidmo 1 eo 1 leaccoroing«ocla 1 m22o r c,ann23 

26 : :r:;rr: — ■ « * — r r 

Llf accorlg to any one of claims 1 to U or a fusion protein accordrng to clarm 
?r 0 comptisLg culturing a host ceU containing a nucleic acid mole^e accord* 
* 1 1m 22 let conditions whereby said protein is expressed and recover sam 

1 cap region comprising counting c-Ab. witb a candidate abator compound £ 
!l sessbig whether binding between the cap region of c-Abl and the catalytic and SH2 

30 and/or SH3 domains of c-Abl has been inhibited 

28 Anac t iva,orcompoundidendf.edoridentiflablebythemethodofcla,m27 

•. HI for identifying a modulator compound .at restores 
b y the cap region comprising contacting c-Ab. and an activator compound according 
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. ceU with a tyrosine Kinase inhibitor proton or a fun^nal .« 

. ^*.«-**™*?jr^J^ ntolecuie 
~ m cleic acid nrolecule according to Cairo «. an ~ ^ 
according to claim 23, an activator compound according to claun . 

32. Use of a cap region of a c-Abl protein or 

kinase inhibitor. r<=>r .f according to any 

».A^^^^-'*— nT^n -i acid 
r t -^c i ir a fusion protein according to claim 1* 
one of claims 1-18, a rusion y mf o pru i e according to claim 

15 .oleculeac^^ 

23, an activator compound according to claim 28 or a modui 

to claim 30 for use as a pharmaceutical. ^ & 

34. A pharmaceutic, composition comprising a tyrosine ^ 
functional equivalent thereof according to any one of claims 1 . 

*• to claim 19 or 20, a nucleic acid molecule accordmg to claim 
according to claim l? or activator compound 

rt f ouims 1-18 a fusion protein according to claim or i. , 
* ^ °" ° f ^to ll 22 an antisense nucleic acid tooleeuie according to claun 

3, Itld - treating a disease associated - * 

P^-^--^**^'^^.^ fuL protein 
fuuctional equivalent thereof according to any one of clauns 18, 
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25 
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according to claim 19 or 20, a nucleic acid molecule according to claim 22 an 
IL^ nucleic acid module according . Cairn 23 - activaor — 

according to claim 28, a modulator compound accordmg to clarm 30, 

pharmaceutical composition according to claim 34. ■ 
37. L according to claim 35 or method according to claim 36 wherern sard drsease rs a 

neurological disease or cancer. 
SS.UaeormethodaccormngtoclaimJVwheremsaiddiaeaseisleukaemra. 

39 A method of diagnosing a condition associated with an aberrant achvtfy o f a ^ure 

Kinase protein comprising measuring the leve, of an 

a cell sample obtained from a patient using a tyrosine lanase mmbnor protem 

ofc-Ablproteincomprisin g usinganuc,eicacidmoleculeaccordmgtoclaun22or» 
^nucleic acid molecule according to claim 23. to screen for mutauons m the 

4i ruirg»icanimalcomprisi„ganncleicacidmolecnleaccor^ 
42 "rotein comprising a protease cleavage si. located near the boundary of Ore 

45 Itltivanng the tyrosine fcnase activity of c-Abl comprising sup^a 

H 43 or . ^ — - — - - d ^ g - - wi,h a 

proteasetocleaveattheproteasecleavageslte. 

according to claim 42 or claim 43 or a msion protem accordtng to claun 44 w.th 
proteaseandisolatingthecleavedC-terminalregionofsaidc-Ablprotern. 

30 47 A^ta^^^^^^^TT^T. 
protein according to Caim42 or 43 or a fusion protein — g » *- « - 
protease and isoladngthe cleaved terminal cap region of sard c-Abl protem. 
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48. A nucleic acid molecule encoding a c-Abl protein according to claim 42 or claim 43 or 
a fusion protein according to claim 44. 

49. A method for activating a c-Abl protein comprising introducing a nucletc »md 
m o,ecu,eaccordingtoc,aim^ 

5 supplying said cell with a protease. ' ^ 

50. A method for produciug an activated c-Abl protein eomprismg mroducmg a nu dec 
.id molecule according to claim 48 into a eel, under condmons » 
expressed, supplying said cell with a protease and isolating the cleaved C-termmal 
region of said c-Abl protein . . 

10 51. A method for produciug a tyrosine kinase inhibitor protein eomprismg mtrodu-g a 
nucleicaeidmo.ecu,eaecbrmngtoclaim48intoacellundereondiuon^wmch«, 

expressed, supplying said cell with a protease and isolating the cleaved N-termtnal cap 

region of said c-Abl protein. 
52A^s g enicanimalcomprisinganucleicacidmoleculeaccordingtoclann48, 

« 53. A method for activating tyrosine kinase activity of c-Abl in vivo compnsmg supplymg 
a trasnsgenic animal according to claim 52 with a protease. 
54 A memod for screening for a compound mat restores antoinihibition of c-Abl .n vn» 
comprising supplying a transgenic animal according to claim 52 with a 
activate the tyrosine kinase activity of c-Abl, supplying the transgenrc annua, wtth 
20 candidate compound and assessing the effect of the candidate compound on Ore 
tyrosine kinase activity in the cells of said transgenic annual. 
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ABSTRACT 

The p K sent invention relates to novei proteins that inhibit the activity of tyrosine kinases. 

regicnTof a c-Abl protein. The invention also relates to the use of tyrosine kmase inhibitor 
5 "Lin.eti.atinentantiaiagnosisofdiseases .inpartiCaroaneers.mhntnans. 
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Figure 8: 



Mbll, HLEICLKL— --VOCKSK KGIiSSSSS C-™— 

MLEICXMi VOCKSK- KGLSSSSS 

Btttt MGQQPGKV i,GDQRRPSIjPALHFiKGAGKRDSSRHGGP --HCNVFVKH 

rtbl'iV MGQQPGKV- I»QDQRBPSI|PALHFIKGAGKRDSSRHGGP HCNVFVEH 

. — MVLGTV LLPPN-- TVGR^S- 



hArglb 



MGQOVGRVGEAPGLQQPQPPGIRGSSAARPSGRBPDPAGRTTETGPNIFTQHDHFASCVED 



hAblla 

roAbll 

hAbllb 

mAbllV 

hArgla ---SESALPDLTEALHRPYGCDVEPQAX.NEAIR^^SM^ATES- 
hArglb GFEGDR 



DKTGGSSPEALHRPYGCDVEPQAiWEAIR^SraLLGATES- 



71 
107 



Bold: cap 1 domain 

TT^-rlinerl- rap fi domain 

Bold italic served domain upstream of cap 6 domain that forme an 
alpha helix with cap 5 domain 
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Figure 9: 

hAblla 

mAbll 

hAbllb 

mAbllV 

hArg ATGGGGCAGCAGGTGGGCO 

hAblla " 

mAbll 

hAbllb ATGGGGCAGCAGCCTGGAAAAGTTCTTGGGGACCAAAG ! 

mAblIV ATGGGGCAGCAGCCTGGAAAAGTTCTTGGGGACCAAAG 



IGCGTCGGGGAAGCTCCGGGGCTCCAGCAGCCTCAGCCCCGC • 60 



hArg 



GGGATCCGGGGCAGCAGTGCAGCCAGGCCCTCCGGCCGCAGGCGGGACCCGGCGGGGCGC 



hAblla 
mAbll 



ATGTTGGAGATCTGCCTGAAGCTGGTGGGCTGCAAATCCAAGAAGG 4 6 

ATGTTGGAGATCTGTTTGAAGTTGGTGGGCTGCAAATCCAAGAAGG 46 

hAbllb AAGGCCTAGTTTGCCCGCCCTGCATTTTATCAAAGGGGCAGGGAAGAGGGACTCATCGAG 98 
inAbllV AAGGCCTAGTTTGCCCGCCCTGCATTTTATCAAAGGGGCAGGGAAGAGGGACTCATCGAG 98 
hArg ACCACAGAGACCGGCTTCAATATCTTCACCCAGCATGATCACTTTGCCAG-CTGTGTGGA 179 

hAblla GGCTGTCCTCGTCCTCCAGCTGTTATCTGGAAGAA GCCCTGCAGAGGCCAGT 98 

Btoll GGCTCTCTTCGTCCTCCAGCTGCTACCTGGAGGAACAC - -GAAGCCCTGCAGAGGCCAGT 104 

hAbllb GCATGGGGGC-CCACACTGCAATGTCTTTGTGGAACAC GAAGCCCTGCAGAGGCCAGT 155 

BAblXV GCATGGGGGC-CCACACTGCAATGTCTTTGTGGAACAC GAAGCCCTGCAGAGGCCAGT 155 

hArg GGATGGATTTGAGGGAGACAAGACTGGAGGCAGTAGTCCAGAAGCTTTGCATCGTCCCTA 239 
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hAblla GGCATCTGACTTTGAGCCCCAGGGTCTCAGCGAAGCAGCTCGATGGAACTCCAAGGAAAA 158 
'CTGACTTTGAGCCCCAGGGTCTCAGCGAAGCAGCTCGATGGAACTCCAAGGAAAA 164 



mAbll GGCAT< 

hAbllb GGCATCTGACTTTGAGCCC< 
mAbll V 



ICAGGGTCTCAGCGAAGCAGCTCGATGGAACTCCAAGGAAAA 215 
GGCATCTGACTTTGAGCCCCAGGGTCTCAGCGAAGCAGCTCGATGGAACTCCAAGGAAAA 215 



hArg TGGTTGTGATGTTGAACCCCAGGCACTAAATGAGGCTATCAGGTGGAGCTCCAAGGAGAA 299 



. - 183 

hAblla CCTTCTTGCTGGGCCCAGTGAAAAT : 

. . 189 

mAbl I CCTTCTTGCTGGGCCCAGTGAAAAT " 

hAbllb CCTTCTTGCTGGGCCCAGTGAAAATGACCCCAACCTTTTTGTGGCACTCTATGATTTTGT 275 

240 

mAbllV CCTTCTTGCTGGGCCCAGTGAAAAT 

hArg CTTGCTCG— GAGCCACTGAGAGTGACCCTAAT 330 



hAblla - 
mAbll - 
hAbllb G 276 

mAbllV - 

hArg 
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